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BACKGROUND OF THE INVENTION 

The present invention relates to a manually operated working tool having 
an inductive metal detector assembly having at least one excitation coil 
arrangement and evaluation means, wherein the inductive metal detector system 
has a means for generating an alternating current for the excitation coil 
arrangement having at least two consecutive frequencies f n from a starting 
frequency f 0 to an end frequency f max . This type of working tool can, for example, 
be configured as a bolt setting tool. 

In the case of manually operated working tools in steel- to steel fastening 
applications such as, for example, in the fastening of sheet steel to steel panels. 

EP 0 366 221 A2 discloses a manually operated working tool, especially a 
drilling machine, on which a metal detector is arranged for detecting metal parts 
located in the substrate. A coil arrangement is arranged in the metal detector, 
with which a spatially rotating alternating current field is generated by rotation of 
the coil arrangement or by alternating current supply to the coil arrangement. 
When this is done, the frequency of the alternating electrical current for operating 
the coil arrangement is held constant. The variation of the electrical energy 
pulled through the coil arrangement is measured. 

A metal concealed in the substrate can be detected by virtue of this type 
of coil arrangement and, if required, its orientation in the substrate determined. 
If, however, the substrate is comprised of metal such as, for example, the 
fastening of sheet steel to steel beams, the situation of the beams can no longer 
be resolved because of the influence of the sheet steel. 

US 5,500,783 discloses a method and a circuit for automatically triggering 
the operation for setting a fastening element onto a substrate and a support. In 
the circuit, a comparator receives a first signal from a sensor and generates an 
intermediate signal, if a pre-defined condition between the first signal and a pre- 
defined value is fulfilled. A control device generates a control signal after 
receiving the intermediate signal of the sensor and the primary signal. A 
fastening element is driven by an actuator into the surface and the support as a 
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consequence of the control signal. The structure of the sensor and signal 
processing is not described in US 5,500,783. 

DE 198 47 688C2 discloses a method and the sensor based on said 
method for detecting foreign bodies in a medium, in particular concrete, tiling, 
plaster or wood using radar, by a pulse radar or a stepped frequency radar. This 
method provides a radar wave of very short duration that is radiated into the 
medium using a transmitting / receiving antenna for picking up the radar signal 
reflected in the medium and after pre-processing of a signal evaluation and 
assessment, which is based on an algorithm, and renders identifiable the 
differences in the signal form, for example of a performance range compared 
with stored comparison values of a sample spectrum- with subsequent evaluation 
of the comparison by correlation for determining deviations vis-a-vis pre- 
definable critical or limit values of a correlation factor. 

In this case, the drawback in steel to steel applications is that the radar 
waves generated are already reflected to a significant degree by the first metal 
layer and a metal element situated behind it is not recognized. 

A very high power output of the radar detector is required to achieve 
passage through the front metal layer such as, for example, a metal sheet . In 
this case, realization of such a detector system in a manually operated working 
device without a mains connection is not possible. In addition, the microwave 
generator for the device is relatively expensive. 

DE44 05 648A1 discloses, as is already well-known, arranging an 
inductive or capacitive sensor (not more precisely defined) at the front of a fluid- 
driven driving tool and coupling with a controller device. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a manually operated working tool 
of the aforementioned type, such as an internal combustion driven setting tool 
and developing a method for operating an inductive metal detector system for 
said general type of device, which avoids the aforementioned drawbacks and 
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with which fastening of steel panels to steel supports is possible in user-friendly 
fashion. This is achieved according to the invention by an inductive metal 
detector system having a means for generating an alternating current for the 
excitation coil arrangement with at least two consecutive frequencies f n from a 
starting frequency f 0 to an end frequency f max . By virtue of this operation, 
magnetic fields of different frequencies can be generated by the excitation coil 
arrangement of the inductive metal detector assembly and differently frequent 
secondary currents are generated at an evaluation or sensor coil arrangement, 
which have characteristic harmonic content for different magnetizable substrates 
or for substrates comprised of one or a plurality of magnetizable components. 
Using this "finger print M -like harmonic pattern, the inductive metal detector 
assembly can recognize, if a steel support is arranged beneath a metal panel to 
be fastened. 

In an advantageous further embodiment of the invention, the means for 
generating the frequency sequence f 1t from f 0 to f max , for example, is a stepped 
frequency generator. This can be configured as a digital sinusoidal oscillator and 
can advantageously be monitored and controlled by an evaluation and control 
unit. By virtue of the utilization of a stepped frequency generator, the inductive 
metal detector assembly can be economically manufactured and these can effect 
very rapid measurements in sequence. 

To achieve a compact architecture and to achieve an advantageous 
symmetry of coil arrangement, the evaluation coil arrangement can be arranged 
coaxial with the excitation coil arrangement and arranged peripheral thereto. 

It is advantageous, if the evaluation means, in particular the evaluation, 
and control unit of the inductive metal detector assembly has a correlation means 
for compensation of a system-internal harmonic pattern. By virtue of this 
procedure, the harmonic pattern generated by the manually operated working 
tool itself, which represents a "basic finger print" of the system, can be extracted 
from the collected measurement values so that only the remaining patterns of the 
magnetizable substrate remain for continuing analysis. 
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Advantageously, the inductive metal detector assembly has a data 
processing unit for comparing the harmonic pattern measured and, corrected by 
the correlator means, with stored harmonic patterns of known magnetizable 
substrate. By virtue of the utilization of an electronic data processing unit such 
as a microprocessor, the inductive metal detector assembly can be economically 
manufactured and can very rapidly evaluate the measurements made. 

In addition, it can be advantageous, if the inductive metal detector 
assembly is associated with a switching element, by which the manually 
operated working tool can be switched to an operation ready mode, if an 
inductive metal detector assembly detected a second magnetizable component 
under a first magnetizable component and for transporting the manually operated 
working tool into a non-operation ready mode, if the inductive metal detector 
assembly does not detect a second magnetizable component under a first 
magnetizable component. By virtue of this measure, the ease of operation of a 
manually operated working tool is increased, because incorrect use of the 
working tool is no longer possible. 

The hereinbefore described working tool can be configured as an internal 
combustion driven setting tool, wherein a firing unit can be activated via the 
aforementioned switching means, if the inductive metal detector assembly 
detects a second magnetizable component under a first magnetizable 
component at a contact point and wherein the firing unit can be deactivated by 
the switching means, if no second magnetizable component is detected under a 
first magnetizable component at the contact point. By virtue of this measure, an 
internal combustion driven setting tool, which are configured to be very user 
friendly, in particular those used in siding and roofing applications, . 

A manually operated working tool configured as a setting tool can be 
advantageous, if the excitation coil arrangement and / or the assessment coil 
arrangement are arranged at a front zone of a bold guide. The operator must 
press the setting tool with its forward zone of the bolt guide against a substrate 
for triggering a setting operation. By virtue of the arrangement of the excitation 
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coil arrangement and / or the evaluation coil arrangement at this forward zone, it 
is therefore possible to apply the coil arrangements consistently on the 
magnetizable substrate. In this case, the coil arrangement can also be used as a 
temporary mounting means for the setting tool on the substrate, since it is 
attracted to the substrate because of the magnetic fields of the excitation coil 
arrangement, as long as the excitation arrangement is supplied with current. 

An advantageous method for detecting a concealed second magnetizable 
components concealed behind a first magnetizable component using an 
inductive metal detector assembly on a manually operated working tool, whereby 
the inductive metal detector assembly can have at least one excitation coil 
arrangement has at least one evaluation coil arrangement and evaluation means, 
includes the following process steps:' 

a. ) Initialization of the inductive metal detector assembly; 

b. ) Setting of the frequency f n , within a frequency range of f 0 to f max ; 

c. ) of a magnetic field having the frequency f n at the excitation coil 

arrangement; 

d. ) Receiving a magnetic secondary field at the evaluation coil arrangement 

for generation of the secondary current; 

e) Frequency spectral evaluation of the secondary current from the 
evaluation coil arrangement in the evaluation means; 

f.) Intermediate storage of the detected harmonic frequencies and amplitudes 
in the evaluation means; 

g) Repeat implementation of steps b.) to f.) as long as f max is not reached; 

h.) Filtering out of all frequencies of harmonics that were generated by 
magnetization of the manually operated working tools and by the first 
magnetizable component and using data stored in the evaluation means; 
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i.) Comparison of the remaining frequency pattern of the harmonics with 
patterns stored in the assessment means of two magnetizable 
components; and 

j.) Passing the manually operated working tool in an operation - ready mode, 
if a second magnetizable component is detected by the inductive metal 
detector assembly under the first magnetizable component. 

The assessment of the data harvested can accordingly be done using a fast 
Fourier transformation (FFT). However, it is also conceivable to receive the 
various frequencies using a multi-channel receiving means and to then subject it 
to further evaluation. 

By virtue of the method according to the invention it is assured that, in a 
magnetizable substrate, points having a plurality of magnetizable components 
situated in sequence that can be automatically differentiated from points with only 
one magnetizable component. If the method according to the invention is used in 
an internal combustion driven setting tool, then said tool , can automatically 
identify contact points in the case of steel on steel applications in a fashion 
advantageous to the operator. 

SUMMARY OF THE INVENTION 

Other advantages and procedures of the invention will become apparent from the 
following description with reference to the drawings, wherein: 

Fig, 1 shows a manually operated working tool according to the invention, in 
partial longitudinal section, and configured as an internal combustion driven 
setting tool; 

Figure 2 shows switching arrangements of an inductive metal detector assembly 
according to the invention; 

Fig. 3 shows a frequency spectrum of the evaluation coil signal of the inductive 
metal detector assembly of Fig. 1 and Fig. 2, excitation frequency (f), amplitude 
(A), frequency or harmonics (0); and 
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Fig. 4 shows a step diagram relating to a procedure according to the invention for 
identification of a magnetizable object under a magnetizable cover layer. 

DETAILED DESCRIPTION OF THE INVENTION 

In Fig. 1 , a manually operated working tool according to the invention is 
represented as an internal combustion operated setting tool. The setting tool 10 
is operated using a fuel gas, which is stored in a fuel reservoir on the setting tool. 
The setting tool 10 has a housing 11, in which a setting mechanism is arranged, 
for driving a fastening element into a substrate. A combustion chamber or a 
combustion space 12, a piston guide 14, in which a driver piston 13 is housed 
and a bolt guide 15 for guiding a fastening element comprise the setting 
mechanism. A firing unit 18 is provided in the combustion chamber for igniting 
an air - fuel gas mixture introduced into the combustion chamber' 12 . 

An inductive metal detector assembly (identified with 20) is arranged on 
the setting tool, which includes an excitation coil arrangement 21, an evaluation 
coil arrangement 22, and an evaluation and control unit 24. In this case, the 
excitation coil arrangement 21 and the evaluation coil arrangement 22 are 
arranged at the front zone 16 of the bolt guide 15, which they enclose in an. 
annular fashion and are connected with the control unit by electrical lines 29. 

Fig. 2 represents the structure of the inductive metal detector assembly 
20. The excitation coil arrangement 21 is addressed by a stepped frequency 
generator 23 such as a digital sinusoidal oscillator, which is controlled using the 
evaluation and control unit 24. A magnetic flux 30 generated by the excitation 
coil arrangement 21, via the dispersion fields, are generated in magnetic 
components 41, 42 of a substrate 40 to be processed and magnetizable 
components of the setting tool 10, such as the bolt guide 15 (Fig. 1). Low 
voltages are induced in the evaluation coil arrangement 22 by these scatter field 
parts, which are sent for further evaluation in the evaluation and control unit 24. 
The low voltages are taken up by an amplifier 27, which forwards the signals for 
further evaluation to a correlator means 25 and a data processing unit 26 such as 
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a microprocessor with an A / D inverter. The evaluation is described below in 
more detail with continued reference to Figures 3 and 4. 

In addition, the evaluation and control unit 24 has a switching means 28, 
by which the firing unit 18 can be placed in an active mode or in an inactive 
mode. In the inactive mode, firing of the setting tool 10 and thus triggering of a 
setting operation is not possible. 

The setting tool 10 is applied to a substrate 40 so that the inductive metal 
detector assembly 20 is activated. An alternating current with periodical 
changing frequencies f n from f 0 to f max flows through the excitation coil 
arrangement 21, whereby f n represents the starting frequency from f 0 to f max 
represents the end frequency in a temporal course. The current in the excitation 
coil arrangement 21 generates an alternating magnetic field, which induces a 
current in the evaluation coil arrangement 22 by induction and permeates the 
magnetizable components 41 , 42 of the substrate 40 with the magnetic flux 30. 

Depending on the magnetic properties of the core, the harmonics are 
generated by the non-linearities of the magnetization characteristic, which are 
dependent on the magnetization field strengths - thus, on the current of the 
excitation coil arrangement 21 - and the frequency f n . In this case, the harmonic 
pattern represents a "finger print" on the presence of magnetizable material in 
the core and in the environment of the coil arrangements 21, 22 and is 
graphically illustrated in Fig. 3. Fig. 3 shows the respective excitation frequency 
f n = fi to f 3 and the associated harmonics 31. With a frequency change from fi to 
f2 changes also the amplitude distribution of the harmonics 31. This occurs 
primarily by virtue of the non-linearity of the magnetization characteristic and is 
further influenced at higher energy excitation frequencies f n . In the absence of a 
magnetizable material external to the device (e.g., the first and second 
magnetizable components 41, 42) the harmonic pattern represents a "basic 
finger print" of the setting tool 1 0 with the inductive metal detector arrangement 
20. This "basic finger print" is learnt by the evaluation and control unit 24 and 
stored therein. In an application of the setting tool 10 on a substrate 40, the 
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harmonic pattern received can be compensated by the correlator means 25 
around the "basic finger print", so that in the following only harmonic patterns will 
be taken into account and analyzed that arise on the basis of the presence of 
magnetizable material in the substrate 40. If in the harmonic pattern cleaned up 
in this fashion by the evaluation and control unit 24 a second magnetizable 
component 42 (for example, a steel support) is detected under a first 
magnetizable component 41 (for example, a steel panel), then the firing unit 18 is 
actively switched by the evaluation and control unit 24 via the switching means 
28 such that a user can trigger a setting operation by a triggering switch of the 
setting tool 10. 

With reference to Fig. 4, a method according to the invention for detecting 
a second magnetizable component concealed behind a first magnetizable 
component using an inductive metal detector assembly on a manually operated 
working tool is described. 

After the application of the setting tool on a substrate 40, initially an 
initialization of the inductive metal detector assembly is done. 

A first frequency f n within a frequency range f 0 to f max is set for the stepped 
frequency generator 23 by the evaluation and control unit 24. This feeds an 
alternating current with frequency fi into the excitation coil arrangement 21 such 
that a magnetic field with frequency f n is generated at the excitation coil 
arrangement. At the evaluation arrangement 22 a magnetic secondary field is 
received, whereby a secondary current is generated in the evaluation coil 
arrangement 22. A frequency spectral evaluation of the secondary current from 
the evaluation coil arrangement 22 occurs in the evaluation means 24 by a fast 
Fourier transformation (FFT). The acquired data for the determined harmonic 
frequencies and amplitudes are intermediately stored in the evaluation means. 
The evaluation and storage unit 24 is then queried, whether the frequency of the 
stepped frequency generator 23 is already equal to f max . If this is not the case, 
then a new measurement loom is carried out using a new, higher frequency f n . 
This measurement loop are continued until f n is equal to f max . 
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All frequencies are then filtered out of the harmonics, which are generated 
by magnetization of the setting tool 10 and by the first magnetized component 
41 , by the correlator means 25 using the data stored in the evaluation and control 
unit' 24. The remaining frequency patterns of the harmonics (finger print of a 
possible second magnetized component 42) is then compared with the patterns 
of the second magnetized components stored in the evaluation means. 

The setting tool 10 is then sent into an operation - ready mode, if the 
inductive metal detector assembly 20 detects a second magnetizable component 
42 under the first magnetizable component 41 using the harmonic pattern. If no 
second magnetizable component 42 is detected, then the setting tool 10 is not 
passed into the operation - ready (active) mode. 

In lieu of the proposed numeric evaluation of the current values by a FFT 
analysis, a filtering in the frequency range can be provided by a multi-channel 
receiver, which is connected downstream of the evaluation coil arrangement. 
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